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(54) POWER TRANSMISSION AND ITS CONTROL METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a power for 
driving auxiliary machinery coupled with the output shaft 
of a prime mover even during stoppage of operation. 
SOLUTION: A power transmission 20 coupled with the 
crankshaft 56 of an engine 50 is provided with a clutch 
motor 30 and an assist motor 40 and controlled through 
a controller 80. The crankshaft 56B of engine 50 is 
coupled, directly or through a belt 102, with auxiliary 
machinery, e.g. a cooling pump 104, a P/S pump 106, 
etc., being driven through rotation of the crankshaft 56. 
When the operation of engine 50 is stopped and and the 
drive shaft 22 is driven through the assist motor 40 
using power stored in a battery 94, a rotary torque TST 
is applied to the crankshaft 56 from the clutch motor 30 
such that the crankshaft 56 rotates at a predetermined 
r.p.m. Consequently, the crankshaft 56 is rotated to 
produce a power for driving the auxiliary machinery. 
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(7) #Hf}^9 - 4 7 0 9 4 
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& b/\s? t i,xmm$&2 2 tcf+^-stt, h^«o3E8ws 

tT^fctLS w£K#£ 0 Hfgfcte, Hl5tc^j^i-5 h/i^ 

■rcco«j^e^3SB2 Old «fc-5iifitB*<D h/i^fiPj»&3I 
Co^tRflLfcft, ^>^>5 0#f^Jh£;h/r^6£ 

[0 0 3 7 ] N/u^ftJIWAQ.a^ffStLS i:. WWCP 

10 SrfTft? (^s^S 1 0 0) 0 mW)$&2 2(D\B\m%c 

j*. u^/u^4 8^^m^j&a/^sk»«i2 2<Dmm&m 

P&K^i&tf&S&fTJfc? Ur^Sl 0 1) 0 

a :/AP^ffite;i!ifc#<D&LT^5m^ h/i- 

* 1E»«J2 2 <D Vjv?) lzttfc-i-Zh<DX 
fc£o jgc^T, i^^tlfc7^t/^^;^^V3 y 

20 Apwc^h/^ (^t!jW2 2<d h/is?) &mm 

(^y^S 1 0 2) 0 i-*fc>*>, #T^-fe/l- 
^yyu^^v-g VAP^C^UTfi. ^n^'tb, ^*6m^l 

TK^^a^AP^jSUT^^nfcm^ h/i^m-Sit 

Td *offid52gt#m^ttSo 
[0038] »c«^ ^#m£*wtm^ h/u^ (^®j«2 

2<0F;^) Ji^T d * t R^*^lft«i 2 2 (7)0 
30 KSNdt^b, ^Sblfi2 2 J: i9£ii^-r-<^^^/W=¥P 
d£ftSL (Pd=Td*xNd) *cJ:9*«>S«! i SSrfT 
^3 U7«y/S10 3) 0 <£■ LT, ^cD^^fcttS^l^ 
^=^rP d ^31S<5V^T > i>^50(DiiF;^Te 

* <i: ^ >-<7) a N e * £Rj£i- 5 «L3l«:fT* 
9 (*^y 104) 0 2 2J: om^j 
^--<#^/U^P d^itxy^s OiaoTi^t 

b/l"?T e (h^Vv^^S 0<D[H]fcifcN e (7)^1^ 
^LV>fc46, ai^/^Pdi:x^y50(Olih 
40 /U?Te *4oJ:r/g^lHl^^[Ne Hc^OH^^P d=T 

0 h/U^T e *, Bg|[§]fe§&N e * CO^ 

3iV^>5 0<D@S T e *, ig0fe|[Ne*W 

[00 3 9 ] IS^^nfcg^ h/U^ T e 

i-6*&3S«rf?*p (^T^y^S 1 0 6) 0 xy^y5 0 
50 <D®m%tN e t£Z> X olZ-fZlZte^ V^y y 



(8) 



#Hfj^9 - 4 7 0 9 4 
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^e—* 3 0 (O h/^$:xy^y5 0<7)h/i^£^L< 
[0 0 4 0] C9lT, 

*3 0co$iJ®] Ur^^SlOS) tTis*h^—*4 
CKDfflffl (X^ry^S 1 1 0) £^>^>5 OcoftiW 
(^xs/^S 111) SrfT&9o m^co^-^-h, 

^^>5 OOf&JWiglJ* (D^ yZft LTiEftLfc 

^JSC P U 9 0 19 i^^l^iffl LT, *7 
3 0^:7^ h* — *4 0<Dffi|»S:l^l*{dl 
fT-T6^*(C iifsfcj: «9 E F I ECU 7 o Kjf^SrSS 
ft LT, EF I ECU70lci^y^5 O0>#]»k 

[0 0 4 1] ^^^f^-^ao^Ji ([^5c0^^y 
^S108) IS, i6l^f6^7^f^-^^J« 

Sfcj:0fc$ix5 o r©*as^*fr*tt-5^. »j»cp* 

120) 

120) 
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L J [ -cos (9c-] 



2) o ^1-, U^3 9^P)X^5 0^7^^ 
^7h5 6(Dli]fefcfi0 e ^rA^L (^TyT^S 1 1 
4) . Wtt SO c *r#fc*«LS*rfT&5 

y^s 1 1 6) o ip*> % e c = e e-e d &mm-fz<D 

XfoZ> 0 

[0 04 2 ] ftlC, ffi«^mi§9 5, 9 6iaD, *7 
y^e— # 3 OCOHtS^-f /l"3 6cDUfB£ VfBlcftLfrT 
10 ^6S^I uc, I v c *&i\ti-tZ>%m*fTteo (*"T 
•^S 1 1 8) o mffLteU, V, WiBHffiJcSfch/CV** 
355. *0ttfttt-tfi3&0>-C, Zlocotglc^n^m^t^^J 

(Hft--tB^«|) £f?ft5 (^y^s 1 2 
0) . *^8l^ffi<D|ii]»«»«<*>d#, q 

[0 04 3 ] 
[£U] 

20 

sin Be 
cos 6c 



(1) 



[0 0 4 4] n-CS««*S:ff4 5©tt, acAJfcES 

JS^tT c * *^*«)f)il5#«l©t«ffi*(t 1 dc 

*, I q c * tHRI#W(-«tt/bmat Idc, Iqct 30 

fiH£r#«>, ##^mJEm^MVdc, Vqc?rti65 
t&m&ftte 0 {*"ry?S 1 2 2) o fiP*>. £T£rFtf> 
* (2) ©«Jt«rtfftv\ flctcfta; (3) <om%*ftt£ 

0<DX&>Z o 
[0 0 4 5] 
[£fc2] 

AJdc = Idc*-Idc 

Alqc = Iqc* - Iqc ♦ • • (2) 



uc, Vvc, Vw c &7&£>Z>&} i m$:fttj: 0 o 
I*. (4) tcJ:9 3fc#>5o 
[004 9 ] 

I£fc4] 

cos 9c -sin 9c If" Vdc 1 

cos (9c - 120) -sin (9c - 120) . 



[£]-VF[ 



Vqc J 



Vwc = -Vuc - Vvc 



(4) 



[0 0 4 6] 
[&3] 

Vdc = Kp! • Aldc + SKil- Aide 
Vqc = Kp2- Alqc + XKi2- Alqc 



40 



(3) 



[0 0 4 7] rr-C, Kpl, 2RXIK i 1 , 2 1*. # 
[0 0 4 8] ^^T% mm^t^fitVd c, V q cte, ® 

^m^M 1 * kcofe&A 1 jcit«-rsa» (±5*; (3) 



[0 0 50 ] SBWtffM»li, !gl<7)fgifr[p]3g9 1 CO 
h7^^T r 175MT r 6 CO^" V^"^ BSWU- £ 9 ft 
* (4) lcJ:oT*«>^:#«JE«*ffl[^/j: 
5iHh7^^Tr lMTr6^ty^1S:P 
WMWf6 (^T-^^S 1 2 6) 0 

[0051] r*>^ h^e— ^4 oias b/u^m 

W iM5<o*"r*/zfS 110) Cov^ti 7io<tU : ia8 

7^ h^r — ^»J»«LS"Ctt. #J3PC PU 9 Ofi, i-r 
ffi»tt2 2 (OlilteftNd^tt^tfftiaSrtTftp (^X 
y-^S 131), mm$&2 2<DiB\te&n % l/^/<4 8 
ft>&R*&A/£KIM2 2 O@^I0 d i^WS: 
tfcX'ZZo x^>-5 OcOlHl^l^N e ^rK^i^ 

tf^LS^tTft 9 (^^^^S 132) „ ^^i/isS 0(D 



(9) 
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F I ECU 7 O^P>iift(Cj; t)|Hlfc^CNeOit^$r§:tt 

[00 5 2J ^co^, ttW&A/rt?JE»«i2 2 0>|eIIE»N 
d txy>?y 5 0<Z)EIte»N e t**b, M«iWlaI*i»SI 
NcSrffg: (Nc=Ne— Nd) \Z X «9 6&S£?T 
*5 (^T'^S 1 3 3) o #l\C s ^S'f^ 3 0 10 

SI 34) 0 EP*>. \£\$L£thZ>mtf {^*/l>#) Pc 

Sr. 

P c =K scXNcXTc 

*3 0fc*3tt3lllB^h^^*>'K NcttENHRil-e 
fcS^b. NcXTcIt H4(C*5«tS««GUC*i3 
^tCta^i"5o Ks cl^77 

* 3 0 co$gm (leldfc) ^$T$)5o 

[0 0 5 31 «V^7^h^4 0lC«t»)ft^ 20 
T a * = k s aXP c /N d 

£ LtSIf5 (^ty^S 13 5) 0 ^ ksall 
7^h^^4 0g#^$T'fc6 o sfca&fch/l^it 
^IT a h^r— * 4 0tCj:oTft--5-L#<5© 

^F/^Ta ma x £rg;tT V>57^7^0^J^£r?T>fc^ 
(^^iy^S 13 6), fi8^XV>S^tC« % 

[oo54] mmm 2 2 <o^\m^m 0 dzus/u 

^4 8^^V>T^tliU (^ry/SHO) „ lEt-Tv' 30 

8 i^7jk~t£ o ic, y**:—* 3 o tmrnmrn 

Ur^S 1 4 4) &tf«E*fr£ffiV d a , Vq 

(^r^S 14 8) SrffftoT, T> 
;* h^— ^ 4 0(D$2(Dil{H]S9 2^)F7 y^^^T 
r 1 1MT r 1 6<D*>yt7fflW*$Wl&&#>* PWM 
fM»£rfTft5 (^f^Sl 5 0) o Z.fth(D%±m*. 
9 7 yf£~? 3 0^OV>TfT^ofct60<b^< P — X* 40 

[0 0 5 5] xyi;y5 0©«» Ur^Sl 

ii) icov>-ct£^-T5 0 ^Vv^SOfi. iso^f 
1 0 4 K:l3t*TR£S*LfcB« h/W^ T e 

o T e*5«tl^EJe»Ne*S»J»a?n6o HIS 

ICtt, $J$JC PU 9 O^bilfilCj: 9 E F I ECU 7 0 

m&l*T. xyi/y50(Oh/U^^Slh/i/^Te* 
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[0 0 5 6 ] SXAKD^m^ & *) s ^7^^3 01: 
0(D^7^v'f7l>5 6(7)[Hte^C^^ 7 y 

* h^ — * 4 OlC*5^TiEKjtt2 2K h/U^ t 
f+^-i"^ h/t-^m, ^7yH- * 3 Old J; 

SIi£G i(Dx^u^SiG2»Lt, b/u^^ 

[0057] nmm<DW)jjtemms:2 ora, _ti£L/ch 

A^fMSP&S^U /<yfy9 4^bw»tl-J:5ili 

[0 0 5 8 ] ^>^>5 0^)^(O£ii>tfJ^±<om 

*£»;fc.i^£#fc:«u /^7ty 9 4*»e><©»WcJ:5i« 

/S135 X&ftbtlZ) h/l"?&^m.T a * '<7*r 
y 9 4^b^W*»Srf+*DbT*ffc^h^^«^fl[Ta 

S 1 3 6UJl»©«LSS:fT* 5„ 

[00 5 9 ] £fc N y 9 4(^)^ftBRM^i6* 

fcofcfcSKttu /^rU 9 4<D3zMLm&m.&&A,tdh 

tt, !) 9 4(7)^mt-^^^m^^^^P b i $r 

|^5(^^x yZ^S 1 0 3T*^i6/cm^/^^/^^rP d tcfln 
it«fc4lllAx^PdS:RSU r<DtU^^^/i- 
=¥P d5rfflV>r^^^^S 1 0 4 £l&<D&m&ftt£ 0 t 

mz. y m7 <dt->* bt— ?$m<DX7'yys i 3 4-c 

i£#>t^7 y^mtlP c^^l^/^P b i £®C 
xmtzte? 7yfl^P c Sr^JtU rco^^^^m^ 
P c ^rffil/^T^^^^S 1 3 5^<D^M^n^V 
tCjloT, Mx^/l^^P b i ^^V>mb. /<yf V 9 
4^r^mi-5o ^>^y 9 4<Z>«*ftBRMas^tf>»«£ 

fct^tcti. /^yry 9 4(OSM^iiUch^^ 

yfii94 ^P>(D^tx^/i/^P b o^rlU 5 (D^x 

S 1 0 3t'^f:^x^/^p dfrhlg. CTgffc^m 

^zn^yU^Pd^^U, :^x^;^Pd^^ 

-c^-r^z/s i o 4&.m<o^m^n^o tm^^ m7<n 

Tis* V^—?mffi<D*7- yZfS 1 3 4 T* Jfc :y 
^•m^P c IcMx^u^Pb o »xtlrfc/ji^7y 
ff^Pc^SL, ^(D^^^^-^P cSrffl^T^ 
f^Si 3 5^p|^l?rtT/j:Ki:lcJ:ot, 

ry 9 4A^Mx^pb otcft^-tzmji&fom. 
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[0 0 6 0] $.tl s ^yf y 9 4<D&n&BMfc-\-ft&> 
9 X x:^> 5 0(DWfc&&±lsXs<yT U 9 4^(7) 

fco«;fc<D*lcJ:5 hyu*ffl»£ LX, 12 9 fcfiaj^-T* 

[0 0 6 1] ^■^s^tTSttSt, SJI8ICPU9 

Oil, tf, 7^t/u^/^^>3ytyf 6 5^^ 
(OT^ty^^usK^a VAP^R^ (*Ty7 
S 1 6 0) o m^&AstcT ? ±/l"<y/UtfZ/ y 3 VAP 

5 (x'ryT'S 16 2) 0 ^y^e— * 3 0(O 

h^^^lT c *(-[Elfc h/i^TSTSr-fer;/ birZ 
t^^^S 1 6 4) 0 wOIhI^ h/l^TSTIi, S^^f^lh 
LXV^xi;/ v?>-5 0(7)^ 7 ^^+7 h 5 6 ^r^f^CO 
0teftX-Ia](teS*5<Z>^Sft h/^T-*>5o ro<t9 
(^7 7^-^ 3 0(7) h T c * ClHjef/U 
^TST^^t^^tlCtot, x;>^>5 0(OilC^ 

»JhLXV^xt*WI*K»i-5c:i:^-e*6. in 

te h/U^ TST (^7^Vt7f56 <7)j?f5£<7)lE]iftegc) 
5 0(7)^^ 7 7 h 5 6 BlcWi 

o 4^p/-s #^i o Gmvffimnmfciz&^temt) 

\^£oX7£& £t><7)X&5 0 HfetfUxte, x^yso 

[0 0 6 2] ^cV>X. T *4 0(7) h/u^m^ 

fltT a * £: 

T a * = T d * + TST 

(7)j£|Cj; 9#£> (^^ryT'S 16 6), 3fc#>*i h/l-?m 
^iTa h^—^ 4 OtCfcoXtt-S-L^SS 

h/U-^ T a m a x £® ;iX ^5j^7^W^£*T&^ 

(^x^/^s 16 8), «;tx^s»fru:ra:, m±m^ 

[0 0 6 3] ^LX, ^rix^ixK^Sttfe h/^^«*ffl[ 
&ffll^X, ^ 7 y^t— * 3 0(7>$J^ ^^S 1 7 

2) , 7^ h^— * 4 0<D SUSP (J^y^S 17 4) 
feiaxy^ys 0(7)$J®1 (^ry/Sl7 6) 

^S16 4X h/U**£ffiT c *lC^3££ix/«:[H]i|feh/U 
^TSm, ±^(D^^v?>5 0(7)a3^^®J^2 2Mfc 

^itT c * t £&675>ib. xy»/y5 0(7)tB^^r 

^®J^2 2tC^iti-^^]#$:iE^i-^l^(7)m^:^'5o 



(10) 4#Hf)^9 - 4 7 0 9 4 
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[0 0 6 4 ] TisA h^e— * 4 0 (Dfflffl (^T7^S1 

74) I*. _h^<7)ffi*:co b;i'?$mx*mft£tiz>m7& 

%±M (XT yrfS 1 4 0~ S 1 5 0) (Df&m&ffte 0o 

x. V^>^lh^F h/U^^^/U— ^><DXT 
y7 P S16 6-S17 0T' h/l^S^ttT a *£r^£L 

10 [0 0 6 5 1 (X^ry^S 176) XI2, 

[0 0 6 6 ] »±Rntfc«S«©iAei8I2 0\c 

y b 5 6 $rHJfc£-fr£^*b , ^7y^v^t7h56Bl: 
ttlKLfcftaiTK^l 0 4 ^P/S^K^ 1 0 6^6Dffi 

20 ^5<7)^ 1^^5015 h/V^TSMOtTTV^ h^r 
^7^^t7h5 6 £[H]i|te£^£r klz£Z> b^Z<D 

5 0<DMm&»±l,X\,^Z>mte, xy^yso^l 
te£TfWm.M<D#&fflk LTxy^ys 0 t'Oi^/^ 

[0 0 6 7 ] ^4b\ Hffi0UO»^|g^SIM 2 oxti, ^ 
7 y^~^—$ 3 0(7) h/^^lT c 

^ TSTSr-t? ^FU ^75/ ^ 3 0 \c J: <9 ^ y >^ 

^7h5 6(C[H]^h/U^ ^^^-^6^(7)^ 
^Vv^^S 0O^7>^yt7h5 6<7)[e]^^:N e 
fflU r<oiiIte*NedSBf^oisI<to»i:iSJ:5^7y 
^^e— ^ 3 0(7) F/^Tc Sr7-f — K'<y ^*J^l-t"5t> 
(7)^LX^ctV> 0 ^fD^. ^7*^-^30©^ 
^^IT c *ia*ffi7£mk UX(7)[El^ h/U^TST(7)^: 

WJ»y>f > CTlttJ^n^ h/i-^ (O^^bSAT c a* 
40 HfriiKT) h;^UlT c * ^aix.P>ixX«rfc* 

^ftT c * frm^ZtlZ^ k\Zf£Z> 0 
[0 0 6 8 ] Hi6«lwib*eai6«2 0-Ctt. x: 

>>?>5 0 (D&lkmcT is* b^ — ? 4 0 (7) h/U^m^ 
«[T a *?rtti^ b^^m^mr d *|c(e]^ h/u^TST$: 
^ra^LX^fe^^, tb^F h/v-^tt^MTd * Sr-tco** h 
/^^fiTa *^ LXg9:^i-5t>(7)^ midb^fm 
^IT d * iclijflfc h/u^TST<tfi^^^ b/isfm&tox. 

X h/U^^lT a * i:i-^^(7)^ LttilJ^i 

50 [00 6 9 ] nft«<o»;&e*i£B2 o-eia, 
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[0 0 7 0] 3fcJd*38W<0»2 03ISl«^»*eaK« 

2 0Bicov^mwt5. hi on. &2nmm<DMt> 

H^-T5<t9(c. »2Hlfi«(Z>»*e»3SH2 0Btt, 
T'>;* h^e— * 4 0 B^xy>?y5 O * 

3 0 Bt<DfBI<D9 7>9 is* 7h5 6 V ttftbtlX 

esxs 2 o b <o*js<& 5 is i mKflon ^eiM 

[00 7 1 ] »2HJ6«^»*e*SSB2 0 B-CttftO 

h 5 6 fc&VttftbtltLTi/X h^e— ^ 4 0\C& 
*) 9 9^9 is* 7 b 5 6Jd h/^Ta *rW*!-*-Jxtf. * 
b 5 6 fclttT e+Ta(D h/l^ dSfPffii" 

+ Ta t UTWfBi-ttttf, Ii«2 2(Cl(Oh;^Tc 
(Te+Ta) asfiiS^ftS. r <D£ # ^ 7 yf*- * 
3 0B"CtiU ^>i?ls5 0<Dmffc&iN e tmWi1tA2 2<D 

(o^^m^j^mu^^ >p i , p 2^it 

9 2K0«&i-*uf, 7^F^40B{j:, 

M^Ta fc^yf*-^ 3 0BM£9[p]££;ft,'5« 
TeXNe=TcXNd 

tt, a»*^i oo%©i#oi8«)||ft)5^, HIS 
(cfi, TcXNd^Sf/hS<45 0 ^ 5 Lfc0J®i 

[0 0 7 2] ^oh/p^MtpjftaASjWTSixSt, Mff 
CPU90li, ^fiSO^f^T'SlOO/jl^LSl 
0 4 1^1 — tO&It^a^r 7yS200/i^lS20 

8*mn-tz> 0 Wbmmm2 2<Dm&»Nd hTt^jv 

-<y/^iy y 3 P t £rR3t&3t {*"r y 2 0 
0, S 2 0 2) , Kfri&'£titzT*-tA^yA>ifiZ?~>a 
isAPiz&Ctzmtl bs\s?m^feT d (^-jy 
/S204) , #£>fctti;*j FMJWHTd *tm&& 
A/^fERM2 2<z>|5HE»Nd ^ifc«i2 2 J; 9 £B 



(1 1) ^li¥9 - 4 7 0 9 4 
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*i-^£3L*/u=¥Pd£»»i-*£*K 
06).xys;y50(Oiah;Pne*, SflllBllHR 
Ne *SrR5£-rSto3a«:tT*5 (^fy/S208) . 

[0 0 7 3 ] LTs Tv"* h^r— *4 0 B<D b^9^ 
^ftT a * 

Ta*=KscX (Td*-Te*) 

£ LTSI L (J^y^S 2 10) , ^7 y?-*—9 3 

0 BC0 F/^H^lT c * 
T c * = T e * + T a * 

10 t LT#£>5 (-X^y^S 2 12) 0 

[0074] [^x&fttz&m^m&mt'^x????- 

^ — 9 3 0 B<D^m (7f7^S214) , Ti/*b*r 
— 9 4 0B <D$m (^T7^S2 16) 
5 0COfM» (^r^S2 17) S:fT*5o **5 % 
S//S21 4©^9yf*- * 3 0<DWfa\*-mS<Of7 
y *f-*e—9fgM£, ^fs//S2l6©7^h : t-^ 

I©5^fy^S 1 4 O^B^at, ^77/S2 

1 7 ©xy v^y 5 o o«»iiJg l UlSfltttB tfcx v 

[0 0 7 5 ] r 5 Ufc*2 *16«a>»*fiaSS«2 0B 

iiA/fc h/u^Mlp, /<y7y9 4H©«AW:J:5 

5 0 KTfc, xy^y50^d±U /<yf!l94^& 

VNTI31 2JC«^5^^^>#lh«Fh/w^»J|»AD.S/w 
30 -fy|:S^*RWt5. 

[0 0 7 6 1 ^V^SItT^ixS^, WCPU9 

2 2 0) . S£^iiA/y fc cT^ir/^^/W^v?'>3 yAPi: 

fcctzmx b^^m^mr d *$:*mi-5 u^^s 

2 2 2} 0 F^^S*gTd * t-lElteh/W^ 

TSMiTTv'^ h^t— 9 4 0 B(7) h/U^^^ffiT a 
*£r^5£L (^^^/^S 2 2 4), R^U^c b/U9^ 
ffiT a *^T>'^ h^E~^ 4 0 B o T L#£ft 
40 ^ch/l-^T a ma x T V ^ 5 fi^frCD ^JKf^r^T^V ^ 

Ut^7 p S 2 2 6) x S^Tl>5^tCli, ^^Cfittc 
»JKi-5«iaSr?T<c3 (^T7/S 2 2 8 ) 0 3^v>T. 
7^h : e-^40B(Dh;l'^^lTa *75^lHlteh 
/U^ TST£r^CT^ =7 y^~^ — ^ 3 0 B<D h/U^}f^M 
Tc*^im (^77/S2 30) o Lfc^oT, 
*7-yv"S 2 2 6T' h/^^lTa h/U^T 
a m a x & gxitt h/l^ It^ItT c * 

[0077] -t it, ^n^nR^^nfc h/^^m^tt 

50 ^fflV>T, ^7-7f^3 0B^li (^75//S2 
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3 2) , 7v'^h ; e-^4 0B(DW (7T5//S2 3 
4) ^it/xy^yso^JSl Ufy/S 2 3 6) £r 
tT^^o $7 9 3 0 BOIMI, * 

17 2, S 1 7 4*S<fctfS 17 6 £ T*fc5^b, * 

[0 0 7 8] ^ ^7yf^30B(DF/^ 
^IT c * t TV* h^— ^ 4 0 BO h/l^if^HfiT a 
*£{ch/u*<131 ((Hjifch/^TST) *rJ»fc-frT#*- 
-J: K J; Ste^itLTV^^v^v 

5 0^7>^^7 h 5 6 <D\E\m$kte±3--fZ>i>>, 9 
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CLAIMS 



[Claim(s)] 

[Claim 1] The prime mover which has an output shaft and is made to rotate this output shaft, and the 
1 st Rota combined with the output shaft of said prime mover, The 1 st motor which uses as the output 
shaft of torque the revolving shaft which combines with this 1st Rota electromagnetic, has the 2nd 
pivotable Rota relatively to this 1st Rota, and is combined with this 2nd Rota, While controlling 
extent of electromagnetic association between said 1st and 2nd Rota in said 1st motor The power 
according to the slipping rotation produced between said 1st Rota and 2nd Rota The 1st motor drive 
circuit which can be revived with said 1 st motor, The 2nd motor which uses as the output shaft of 
torque the revolving shaft which has the 3rd Rota combined with the 2nd Rota of said 1st motor, and 
is combined with this 3rd Rota, While conserving the power revived from said 1st motor through the 
2nd motor drive circuit which drives this 2nd motor, and said 1 st motor drive circuit The 
rechargeable battery which can supply power to said 1st and 2nd motor which corresponds through 
said 1st and/or 2nd motor drive circuit, When it is a transmission equipped with the auxiliary 
machinery which it is combined with the output shaft of said prime mover, and is driven with the 
power from this output shaft and operation of said prime mover is suspended, A transmission 
equipped with the auxiliary machinery drive control means which controls said 1st motor drive 
circuit to rotate the output shaft of said prime mover with said 1st motor, and to drive said auxiliary 
machinery using the power stored in said rechargeable battery. 

[Claim 2] Said auxiliary machinery drive control means is a transmission according to claim 1 which 
is a means to control the torque outputted to the revolving shaft combined with this 3rd Rota from 
said 2nd motor so that fluctuation of the torque produced in the revolving shaft combined with said 
3rd Rota might be reduced by rotating the output shaft of said prime mover. 

[Claim 3] Said auxiliary machinery drive control means is a transmission according to claim 2 which 
is a means to control said 2nd motor drive circuit so that the torque which rotates the output shaft of 
said prime mover with said 1st motor, and the torque of abbreviation identitas are added to the torque 
outputted to the revolving shaft combined with said 3rd Rota by said 2nd motor. 
[Claim 4] The prime mover which has an output shaft and is made to rotate this output shaft, and the 
1 st Rota combined with the output shaft of said prime mover, The 1 st motor which uses as the output 
shaft of torque the revolving shaft which combines with this 1st Rota electromagnetic, has the 2nd 
pivotable Rota relatively to this 1st Rota, and is combined with this 2nd Rota, While controlling 
extent of electromagnetic association between said 1st and 2nd Rota in said 1st motor The power 
according to the slipping rotation produced between said 1st Rota and 2nd Rota The 1st motor drive 
circuit which can be revived with said 1st motor, The 2nd motor which uses as the output shaft of 
torque the output shaft of this prime mover that has the 3rd Rota combined with the output shaft of 
said prime mover, and is combined with this 3rd Rota, While conserving the power revived from 
said 1st motor through the 2nd motor drive circuit which drives this 2nd motor, and said 1st motor 
drive circuit The rechargeable battery which can supply power to said 1 st and 2nd motor which 
corresponds through said 1 st and/or 2nd motor drive circuit, When it is a transmission equipped with 
the auxiliary machinery which it is combined with the output shaft of said prime mover, and is 
driven with the power from this output shaft and operation of said prime mover is suspended, A 
transmission equipped with the auxiliary machinery drive control means which controls said 2nd 
motor drive circuit to rotate the output shaft of said prime mover with said 2nd motor, and to drive 
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said auxiliary machinery using the power stored in said rechargeable battery. 

[Claim 5] The prime mover which has an output shaft and is made to rotate this output shaft, and the 
1 st Rota combined with the output shaft of said prime mover, The 1 st motor which uses as the output 
shaft of torque the revolving shaft which combines with this 1 st Rota electromagnetic, has the 2nd 
pivotable Rota relatively to this 1st Rota, and is combined with this 2nd Rota, While controlling 
extent of electromagnetic association between said 1st and 2nd Rota in said 1st motor The power 
according to the slipping rotation produced between said 1st Rota and 2nd Rota The 1st motor drive 
circuit which can be revived with said 1 st motor, The 2nd motor which uses as the output shaft of 
torque the revolving shaft which has the 3rd Rota combined with the 2nd Rota of said 1st motor, and 
is combined with this 3rd Rota, While conserving the power revived from said 1st motor through the 
2nd motor drive circuit which drives this 2nd motor, and said 1st motor drive circuit The 
rechargeable battery which can supply power to said 1st and 2nd motor which corresponds through 
said 1st and/or 2nd motor drive circuit, When it is the control approach of a transmission equipped 
with the auxiliary machinery which it is combined with the output shaft of said prime mover, and is 
driven with the power from this output shaft and operation of said prime mover is suspended, The 
control approach of the transmission which controls said 1st motor drive circuit to rotate the output 
shaft of said prime mover with said 1st motor, and to drive said auxiliary machinery using the power 
stored in said rechargeable battery. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the transmission which transmits or uses efficiently 
the power obtained from a prime mover, and its control approach in detail about a transmission and 
its control approach. 
[0002] 

[Description of the Prior Art] Conventionally, as this kind of a transmission, it is equipment carried 
in a car, and the thing equipped with the magnetic coupling which combines the driving shaft 
combined with the output shaft of a prime mover and Rota of a motor electromagnetic is proposed 
(for example, JP,53-133814,A etc.). This transmission transmits the power of a prime mover to a 
revolving shaft by adding torque to a driving shaft with a motor using the regeneration power 
obtained by slipping in a magnetic coupling while transmitting the torque outputted to an output 
shaft from a prime mover to a driving shaft by electromagnetic association by the magnetic coupling. 

[0003] 

[Problem(s) to be Solved by the Invention] By the car carrying such an above-mentioned 
transmission, although it is unnecessary to auxiliary machinery (for example, pump made to circulate 
through cooling water, such as a prime mover) and a transmission required for a transmission, the 
power of auxiliary machinery (for example, the pump for power steering, the pump for air- 
conditioners, etc.) required to operate a car has been obtained from rotation of the output shaft of a 
prime mover with the power from a dc-battery. Among these, by the type which obtains the power of 
auxiliary machinery from a dc-battery, since a dc-battery is charged by the regeneration power 
obtained by slipping avoided to a magnetic coupling while producing the problem of becoming large 
because of supply of a dc-battery of the power to auxiliary machinery, and the operation 
effectiveness, charging efficiency, and discharge effectiveness of a magnetic coupling can take 
advantaging, the problem that the energy efficiency as the whole becomes low is also produced. 
[0004] Since mechanical energy is used as it is, a problem like the type obtained from the dc-battery 
mentioned above is not produced by the type which obtains the power of auxiliary machinery from 
the output shaft of a prime mover directly, for example, the type which combines with the output 
shaft of a prime mover mechanically, and obtains power on the turning effort. However, by the type 
which obtains the power of such auxiliary machinery from the output shaft of a prime mover 
directly, when suspending operation of a prime mover and operating a car only under the power by 
the power from a dc-battery, since the output shaft of a prime mover does not rotate, it cannot obtain 
power of auxiliary machinery. 

[0005] The transmission and its control approach of this invention solve such a problem, and even 
when suspending operation of a prime mover and operating a car only under the power by the power 
from a dc-battery, they aim at obtaining the power of auxiliary machinery from the output shaft of a 
prime mover, while transmitting or using the power obtained from the prime mover efficient. 
[0006] 

[The means for solving a technical problem, and its operation and effectiveness] The prime mover 
which the 1st transmission of this invention has an output shaft, and is made to rotate this output 
shaft, Combine with the 1st Rota combined with the output shaft of said prime mover, and this 1st 
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Rota electromagnetic, and it has the 2nd pivotable Rota relatively to this 1st Rota. While controlling 
extent of electromagnetic association between said 1st and 2nd Rota in the 1st motor which uses as 
the output shaft of torque the revolving shaft combined with this 2nd Rota, and said 1 st motor The 
power according to the slipping rotation produced between said 1st Rota and 2nd Rota The 1st motor 
drive circuit which can be revived with said 1 st motor, The 2nd motor which uses as the output shaft 
of torque the revolving shaft which has the 3rd Rota combined with the 2nd Rota of said 1st motor, 
and is combined with this 3rd Rota, While conserving the power revived from said 1st motor through 
the 2nd motor drive circuit which drives this 2nd motor, and said 1st motor drive circuit The 
rechargeable battery which can supply power to said 1st and 2nd motor which corresponds through 
said 1st and/or 2nd motor drive circuit, When it is a transmission equipped with the auxiliary 
machinery which it is combined with the output shaft of said prime mover, and is driven with the 
power from this output shaft and operation of said prime mover is suspended, Let it be a summary to 
have the auxiliary machinery drive control means which controls said 1 st motor drive circuit to 
rotate the output shaft of said prime mover with said 1st motor, and to drive said auxiliary machinery 
using the power stored in said rechargeable battery. 

[0007] This 1st transmission transmits the power of the prime mover made to rotate an output shaft 
to the revolving shaft combined with the 2nd Rota by the 1st motor's combining with the 1st Rota 
combined with the output shaft of a prime mover, and this 1st Rota electromagnetic, and controlling 
it by the 1st motor drive circuit in extent of electromagnetic association between the 2nd pivotable 
Rota relatively to the 1st Rota. The 2nd motor adjusts the power transmitted to the revolving shaft 
combined with the 3rd Rota through the 3rd Rota combined with the 2nd Rota of the 1st motor by 
the 1st motor, when drive control is carried out by the 2nd motor drive circuit. A rechargeable 
battery conserves the power revived from the 1st motor through the 1st motor drive circuit, and 
supplies power to the 1st and 2nd motor which corresponds through the 1st and/or 2nd motor drive 
circuit if needed. And auxiliary machinery is driven with the power from the output shaft of a prime 
mover. 

[0008] If operation of a prime mover is suspended in the case of transfer of such power, an auxiliary 
machinery drive control means will control the 1st motor drive circuit to rotate the output shaft of a 
prime mover with the 1 st motor, and to drive auxiliary machinery using the power stored in the 
rechargeable battery. 

[0009] According to this 1st transmission, a part of output of a prime mover is outputted as torque as 
it is, a part is changed into power as slipping of the 1st motor, power is efficiently transmitted as a 
whole by operating the 2nd motor with this power, and the outstanding effectiveness that conversion 
of torque is realizable is done so. And even if operation of a prime mover is suspended, the 1st motor 
is driven using the power stored in the rechargeable battery, the output shaft of a prime mover can be 
rotated and auxiliary machinery can be driven. 

[0010] In this 1st transmission, said auxiliary machinery drive control means shall be a means to 
control the torque outputted to the revolving shaft combined with this 3rd Rota from said 2nd motor 
so that fluctuation of the torque produced in the revolving shaft combined with said 3rd Rota might 
be reduced, by rotating the output shaft of said prime mover. If it carries out like this, fluctuation of 
the torque of the revolving shaft combined with the 3rd Rota can be reduced. Said especially 
auxiliary machinery drive control means can lose most fluctuation of the thing which is a means to 
control said 2nd motor drive circuit so that the torque which rotates the output shaft of said prime 
mover with said 1st motor, and the torque of abbreviation identitas are added to the torque outputted 
to the revolving shaft combined with said 3rd Rota by said 2nd motor, then torque. 
[001 1] The prime mover which the 2nd transmission of this invention has an output shaft, and is 
made to rotate this output shaft, Combine with the 1st Rota combined with the output shaft of said 
prime mover, and this 1st Rota electromagnetic, and it has the 2nd pivotable Rota relatively to this 
1st Rota. While controlling extent of electromagnetic association between said 1st and 2nd Rota in 
the 1st motor which uses as the output shaft of torque the revolving shaft combined with this 2nd 
Rota, and said 1st motor The power according to the slipping rotation produced between said 1st 
Rota and 2nd Rota The 1st motor drive circuit which can be revived with said 1st motor, The 2nd 
motor which uses as the output shaft of torque the output shaft of this prime mover that has the 3rd 
Rota combined with the output shaft of said prime mover, and is combined with this 3rd Rota, While 
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conserving the power revived from said 1st motor through the 2nd motor drive circuit which drives 
this 2nd motor, and said 1st motor drive circuit It is combined with the output shaft of the 
rechargeable battery which can supply power to said 1st and 2nd motor which corresponds through 
said 1 st and/or 2nd motor drive circuit, and said prime mover. When it is a transmission equipped 
with the auxiliary machinery driven with the power from this output shaft and operation of said 
prime mover is suspended, Let it be a summary to have the auxiliary machinery drive control means 
which controls said 2nd motor drive circuit to rotate the output shaft of said prime mover with said 
2nd motor, and to drive said auxiliary machinery using the power stored in said rechargeable battery. 

[0012] This 2nd transmission transmits the power of the prime mover made to rotate an output shaft 
to the revolving shaft combined with the 2nd Rota by the 1st motor's combining with the 1st Rota 
combined with the output shaft of a prime mover, and this 1st Rota electromagnetic, and controlling 
it by the 1st motor drive circuit in extent of electromagnetic association between the 2nd pivotable 
Rota relatively to the 1st Rota. The 2nd motor adjusts the power of the output shaft of a prime mover 
through the 3rd Rota combined with the output shaft of a prime mover, when drive control is carried 
out by the 2nd motor drive circuit. A rechargeable battery conserves the power revived from the 1st 
motor through the 1st motor drive circuit, and supplies power to the 1st and 2nd motor which 
corresponds through the 1st and/or 2nd motor drive circuit if needed. And auxiliary machinery is 
driven with the power from the output shaft of a prime mover. 

[0013] If operation of a prime mover is suspended in the case of transfer of such power, an auxiliary 
machinery drive control means will control the 2nd motor drive circuit to rotate the output shaft of a 
prime mover with the 2nd motor, and to drive auxiliary machinery using the power stored in the 
rechargeable battery. 

[0014] According to this 2nd transmission, a part of output of a prime mover, output of the 2nd 
motor, and total output are outputted as torque, the remainder is changed into power as slipping of 
the 1st motor, power is efficiently transmitted as a whole by operating the 2nd motor with this 
power, and the outstanding effectiveness that conversion of torque is realizable is done so. And even 
if operation of a prime mover is suspended, the 2nd motor is driven using the power stored in the 
rechargeable battery, the output shaft of a prime mover can be rotated and auxiliary machinery can 
be driven. 

[0015] The prime mover which the control approach of the transmission of this invention has an 
output shaft, and is made to rotate this output shaft, Combine with the 1st Rota combined with the 
output shaft of said prime mover, and this 1st Rota electromagnetic, and it has the 2nd pivotable 
Rota relatively to this 1 st Rota. While controlling extent of electromagnetic association between said 
1st and 2nd Rota in the 1st motor which uses as the output shaft of torque the revolving shaft 
combined with this 2nd Rota, and said 1st motor The power according to the slipping rotation 
produced between said 1st Rota and 2nd Rota The 1st motor drive circuit which can be revived with 
said 1st motor, The 2nd motor which uses as the output shaft of torque the revolving shaft which has 
the 3rd Rota combined with the 2nd Rota of said 1st motor, and is combined with this 3rd Rota, 
While conserving the power revived from said 1 st motor through the 2nd motor drive circuit which 
drives this 2nd motor, and said 1st motor drive circuit The rechargeable battery which can supply 
power to said 1 st and 2nd motor which corresponds through said 1 st and/or 2nd motor drive circuit, 
When it is the control approach of a transmission equipped with the auxiliary machinery which it is 
combined with the output shaft of said prime mover, and is driven with the power from this output 
shaft and operation of said prime mover is suspended, Let it be a summary to control said 1st motor 
drive circuit to rotate the output shaft of said prime mover with said 1 st motor, and to drive said 
auxiliary machinery using the power stored in said rechargeable battery. 

[0016] According to the control approach of this transmission, a part of output of a prime mover is 
outputted as torque as it is, the remainder is changed into power as slipping of the 1st motor, power 
is efficiently transmitted as a whole by operating the 2nd motor with this power, and the outstanding 
effectiveness that conversion of torque is realizable is done so. And even if operation of a prime 
mover is suspended, the 1st motor is driven using the power stored in the rechargeable battery, the 
output shaft of a prime mover can be rotated and auxiliary machinery can be driven. 
[0017] 
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[Other modes of invention] This invention can also take other following modes. 
[0018] The 1st mode is the circuit where said 2nd motor drive circuit can revive power from said 2nd 
motor in said transmission of either the 1 st thru/or the 2nd either, and said rechargeable battery 
makes it a summary to be the cell in which the power revived from said 2nd motor through said 2nd 
motor drive circuit is stored. 

[0019] If it carries out like this, the power revived with the 2nd motor can also be conserved and the 

energy efficiency in a transmission can be raised. 

[0020] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained based on 
an example. The sectional view showing the structure of the block diagram in which drawing 1 
shows the outline configuration of the transmission 20 as the 1st example of this invention, the 
clutch motor 30 by which drawing 2 constitutes the transmission 20 of drawing 1 , and the assistant 
motor 40, and drawing 3 are the block diagrams showing the outline configuration containing the 
engine 50 of the car incorporating the transmission 20 of drawing 1 R> 1. It explains from the 
configuration of the whole car using drawing 3 first on account of explanation. 
[0021] This car is equipped with the gasoline engine operated with a gasoline as an engine 50 which 
is a source of power as shown in drawing 3 . This engine 50 inhales the gaseous mixture of the air 
inhaled through the throttle valve 66 from the inhalation-of-air system, and the gasoline injected 
from the fuel injection valve 51 to a combustion chamber 52, and changes into rotation of a 
crankshaft 56 movement of the piston 54 depressed by explosion of this gaseous mixture. Here, the 
closing motion drive of the throttle valve 66 is carried out by the actuator 68. An ignition plug 62 
forms a spark with the high voltage drawn through the distributor 60 from the ignitor 58, and 
gaseous mixture is lit by the spark and carries out explosion combustion of it by it. 
[0022] Operation of this engine 50 is controlled by the electronic control unit (hereafter referred to as 
EFIECU) 70. The various sensors in which the operational status of an engine 50 is shown are 
connected to EFIECU70. For example, it is the rotational frequency sensor 76, the angle-of-rotation 
sensor 78, etc. which are prepared for the coolant temperature sensor 74 and distributor 60 which 
detect the water temperature of the throttle-valve position sensor 67 which detects the opening 
(position) of a throttle valve 66, the inlet-pipe negative pressure sensor 72 which detects the load of 
50 of a prime mover, and an engine 50, and detect the rotational frequency and angle of rotation of a 
crankshaft 56. In addition, although the starting switch 79 which detects the condition ST of an 
ignition key was connected to EFIECU70 in addition to this, illustration of other sensors, a switch, 
etc. was omitted. 

[0023] The transmission 20 of this example is combined with the crankshaft 56 of an engine 50. The 
driving shaft 22 of a transmission 20 is combined with the differential gear 24, and, finally the torque 
from a transmission 20 is transmitted to the driving wheels 26 and 28 on either side. This 
transmission 20 is controlled by the control unit 80. Although the configuration of a control unit 80 
is explained in full detail later, the interior is equipped with Control CPU and the accelerator pedal 
position sensor 65 formed in the shift position sensor 84 formed in the shift lever 82 or the 
accelerator pedal 64 is connected. Moreover, the control unit 80 is exchanging various information 
by EFIECU70 and the communication link which were mentioned above. About control including 
the exchange of such information, it mentions later. 

[0024] Moreover, the auxiliary machinery of the P/S pump 106 grade the cooling pump 104 for 
circulation of the cooling water of an engine; 50 and for the power of power steering is connected to 
crankshaft 56B of the opposite side of the crankshaft 56 of an engine 50 through direct or a belt 102. 
Such auxiliary machinery obtains power from rotation of crankshaft 56B, and is functioning. 
[0025] The configuration of a transmission 20 is explained. As shown in drawing 1 , the transmission 
20 attached in the end of the crankshaft 56 of an engine 50 consists of control units 80 which drive 
and control greatly the clutch motor 30 by which the outer rotor 32 was mechanically combined with 
the crankshaft 56, the assistant motor 40 which has Rota 42 mechanically combined with the inner 
rotor 34 of this clutch motor 30, and the clutch motor 30 and the assistant motor 40. 
[0026] Drawing 1 explains the outline configuration of each motor. As shown in drawing 1 , the 
clutch motor 30 equips the inner skin of an outer rotor 32 with a permanent magnet 35, and is 
constituted as a synchronous motor which winds the coil 36 of a three phase around the slot formed 
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in the inner rotor 34. The power to this three phase coil 36 is supplied through the rotation 
transformer 38. The part which forms the slot and teeth for three phase coil 36 in the inner rotor 34 
consists of carrying out the laminating of the sheet metal of a non-oriented magnetic steel sheet. In 
addition, although the resolver 39 which detects that angle-of-rotation thetae is formed in the 
crankshaft 56, this resolver 39 can also be used also [ sensor / 78 / which was prepared for the 
distributor 60 / angle-of-rotation ]. 

[0027] On the other hand, although the assistant motor 40 is also constituted as a synchronous motor, 
the three phase coil 44 which forms rotating magnetic field is wound around the stator 43 fixed to the 
case 45. This stator 43 is also formed by carrying out the laminating of the sheet metal of a non- 
oriented magnetic steel sheet. Two or more permanent magnets 46 are formed in the peripheral face 
of Rota 42. By the assistant motor 40, Rota 42 rotates by the interaction with the field which a field 
and the three phase coil 44 form with this permanent magnet 46. The shaft with which Rota 42 was 
combined mechanically is the driving shaft 22 which is an output shaft of the torque of a 
transmission 20, and the resolver 48 which detects the angle-of-rotation thetad is formed in the 
driving shaft 22. Moreover, the driving shaft 22 is supported to revolve by the bearing 49 prepared in 
the case 45. 

[0028] The clutch motor 30 and the assistant motor 40 to apply are combined mechanically [ the 
inner rotor 34 of the clutch motor 30 ] to Rota 42 of the assistant motor 40, as a result a driving shaft 
22. Therefore, the relation between an engine 50 and both the motors 30 and 40 will be referred to as 
that the torque by the assistant motor 40 is subtracted and added by this, when saying **** and 
rotation of the crankshaft 56 of an engine 50 and the output torque are transmitted to the inner rotor 

34 from the outer rotor 32 of the clutch motor 30. 

[0029] Although the assistant motor 40 is constituted as a usual permanent-magnet type three phase 
synchronous motor, the clutch motor 30 is constituted so that the outer rotor 32 which has a 
permanent magnet 35, and the inner rotor 34 equipped with the three phase coil 36 may both be 
rotated. Then, it supplements about the detail of the configuration of the clutch motor 30 using 
drawing 2 . The outer rotor 32 of the clutch motor 30 is attached in the periphery edge of the wheel 
57 by which fitting was carried out to the crankshaft 56 by press fit pin 59a and screw 59b. The core 
of a wheel 57 protrudes on the axial configuration, Bearings 37A and 37B are used here, and the 
inner rotor 34 is attached in it free [ rotation ]. Moreover, the end of a driving shaft 22 is being fixed 
to the inner rotor 34. 

[0030] It already explained that the permanent magnet 35 was formed in the outer rotor 32. In the 
example, four of this permanent magnet 35 are prepared and it is stuck on the inner skin of an outer 
rotor 32. The magnetization direction is a direction which goes to the shaft center of the clutch motor 
30, and the direction of a magnetic pole has reverse sense every other one. If this permanent magnet 

35 and the three phase coil 36 of the inner rotor 34 which counters with few gaps are wound around 
a total of 24 slots (not shown) prepared in the inner rotor 34 and are energized in each coil, they will 
form the magnetic flux which passes along the teeth which separate a slot. This field will be rotated 
if the three-phase alternating current is passed in each coil. Each of the three phase coil 36 is 
connected so that supply of power may be received from the rotation transformer 38. This rotation 
transformer 38 consists of secondary- winding 38B attached in the driving shaft 22 combined with 
primary-winding 38A fixed to the case 45, and the inner rotor 34, and can exchange power 
bidirectionally between primary-winding 38A and secondary-winding 38B by electromagnetic 
induction. In addition, in order to exchange the current of a three phase (U, V, W phase), the coil for 
a three phase is prepared for the rotation transformer 38. 

[0031] An outer rotor 32 and the inner rotor 34 show various behavior by the interaction of the field 
which the permanent magnet 35 of an adjoining lot forms, and the rotating magnetic field which the 
three phase coil 36 prepared in the inner rotor 34 forms. Usually, the frequency of the three-phase 
alternating current passed in the three phase coil 36 is made into the frequency of the deflection of 
the rotational frequency (rotational frequency for 1 second) of an outer rotor 32 and the rotational 
frequency of the inner rotor 34 which were directly linked with the crankshaft 56. Consequently, 
slipping will be produced in both rotation. The detail of control of the clutch motor 30 and the 
assistant motor 40 is explained in detail later using a flow chart. 

[0032] Next, the control unit 80 which drives and controls the clutch motor 30 and the assistant 
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motor 40 is explained. The control device 80 consists of dc-batteries 94 which are the control CPU 

90 and the rechargeable battery which control the 1st drive circuit 91 which drives the clutch motor 
30, the 2nd drive circuit 92 which drives the assistant motor 40, and both the drive circuits 91 and 
92. Control CPU 90 is one chip microprocessor, and equips the interior with RAM90a for work 
pieces, ROM90b which memorized the processing program, input/output port (not shown) and 
EFIECU70, and the serial communication port (not shown) that performs a communication link. In 
this control CPU 90, angle-of-rotation thetae of the engine 50 from a resolver 39, The accelerator 
pedal position AP from angle-of-rotation thetad of the driving shaft 22 from a resolver 48, and the 
accelerator pedal position sensor 65 (the amount of treading in of an accelerator pedal) The clutch 
current values Iuc and Ivc from two current detectors 95 and 96 prepared in the shift position SP 
from the shift position sensor 84, and the 1st drive circuit 91, The assistant current values Iua and Iva 
from two current detectors 97 and 98 prepared in the 2nd drive circuit, the remaining capacity BRM 
from the remaining capacity detector 99 which detects the remaining capacity of a dc-battery 94 are 
inputted through input port. In addition, what the remaining capacity detector 99 measures the 
specific gravity of the electrolytic solution of a dc-battery 94 or the weight of the whole dc-battery 
94, and detects remaining capacity, the thing which calculates the current value and time amount of 
charge and discharge, and detects remaining capacity, the thing which detects remaining capacity by 
making between the terminals of a dc-battery short-circuit momentarily, and measuring sink internal 
resistance for a current are known. 

[0033] Moreover, from control CPU 90, the control signal SW2 which drives six transistors Trl 1 as 
the control signal SW1 which drives six transistors Trl which are the switching elements prepared in 
the 1st drive circuit 91 thru/or Tr6, and a switching element prepared in the 2nd drive circuit 92 
thru/or Trl 6 is outputted. Six transistors Trl in the 1st drive circuit 91 thru/or Tr6 constitute the 
transistor inverter, two pieces are arranged at a time in a pair, respectively so that it may become a 
source and sink side to power-source Rhine PI and P2 of a pair, and each of the three phase coil 
(UVW) 36 of the clutch motor 30 is connected through the rotation transformer 38 at the node. 
Power- source Rhine PI and P2 controls sequentially the rate of the transistor Trl which makes a pair 
by control CPU 90 since it connects with the plus [ of a dc-battery 94 ], and minus side, respectively 
thru/or the ON time amount of Tr6 with a control signal SW1, and if the current which flows in each 
coil 36 is made into a false sine wave by PWM control, rotating magnetic field will be formed with 
the three phase coil 36. 

[0034] On the other hand, six transistors Trl 1 of the 2nd drive circuit 92 thru/or Trl 6 also constitute 
the transistor inverter, is arranged, respectively, and the node of the transistor which makes a pair is 
connected to each of the three phase coil 44 of the assistant motor 40. [ as well as the 1st drive circuit 

91 ] Therefore, the transistor Trl 1 thru/or the ON time amount of Trl 6 which makes a pair by 
control CPU 90 is sequentially controlled with a control signal SW2, and if the current which flows 
in each coil 44 is made into a false sine wave by PWM control, rotating magnetic field will be 
formed with the three phase coil 44. 

[0035] Actuation of the transmission 20 which explained the configuration above is explained. The 
principle of operation of a transmission 20, especially the principle of torque conversion are as 
follows. An engine 50 is operated by EFIECU70 and suppose that it is rotating at the predetermined 
rotational frequency Nl. Supposing the control device 80 is not passing the current at all in the three 
phase coil 36 of the clutch motor 30 through the rotation transformer 38 at this time Namely, if the 
transistor Trl of the 1st drive circuit 91 thru/or Tr6 are always OFF states Since no current also 
flows in the three phase coil 36, the outer rotor 32 and the inner rotor 34 of the clutch motor 30 will 
be in the condition of not being combined at all electromagnetic, and the crankshaft 56 of an engine 
50 will be in the condition of having idled. In this condition, since a transistor Trl thru/or Tr6 are 
off, regeneration from the three phase coil 36 is not performed, either. That is, the engine 50 will 
carry out idle rotation. 

[0036] If the control CPU 90 of a control device 80 outputs a control signal SW1 and carries out on- 
off control of the transistor, according to the deflection (engine-speed difference [ in other words ] of 
an outer rotor 32 and the inner rotor 34 in the clutch motor 30) of the engine speed of the crankshaft 
56 of an engine 50, and the engine speed of a driving shaft 22, a fixed current will flow in the three 
phase coil 36 of the clutch motor 30. That is, the clutch motor 30 functions as a generator, a current 
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is revived through the 1st drive circuit 91, and a dc-battery 94 is charged. At this time, it will be in 
the integrated state in which slipping with fixed outer rotor 32 and inner rotor 34 exists. That is, the 
inner rotor 34 is rotated at a rotational frequency lower than the rotational frequency of the 
crankshaft 56 of an engine 50. If control CPU 90 controls the 2nd drive circuit 92 by this condition 
so that energy equal to the revived electrical energy is consumed by the assistant motor 40, a current 
will flow in the three phase coil 44 of the assistant motor 40, and torque will occur in the assistant 
motor 40. If it compares with drawing 4 R> 4, while the crankshaft 56 will operate with an engine 
speed Nl and torque Tl, the energy of a field Gl will be revived from the clutch motor 30, and it 
will be said by giving this to the assistant motor 40 that a driving shaft 22 is rotated with an engine 
speed N2 and torque T2. In this way, the energy in the clutch motor 30 which responded for sliding 
(rotational frequency difference) will be given to a driving shaft 22 as torque, and conversion of 
torque will be performed. In fact, conversion of torque is made by torque control processing 
illustrated to drawing 5 . After [ which is first depended on this transmission 20 below ] usually 
explaining the torque control processing at the time, processing when the engine 50 is suspended is 
explained. 

[0037] If torque control processing is performed, control CPU 90 will perform processing which 
reads the rotational frequency Nd of a driving shaft 22 first (step SI 00). It can ask for the engine 
speed of a driving shaft 22 from angle-of-rotation thetad of the driving shaft 22 read from the 
resolver 48. Next, processing which reads the accelerator pedal position AP from the accelerator 
pedal position sensor 65 is performed (step S101). An accelerator pedal 64 is broken in when it 
senses that an operator's output torque is insufficient, and it corresponds to the output torque 
(namely, torque of a driving shaft 22) to which the operator wants the value of the accelerator pedal 
position AP. Then, processing which derives output-torque (torque of driving shaft 22) desired value 
(henceforth torque command value) Td* according to the read accelerator pedal position AP is 
performed (step SI 02). That is, to each accelerator pedal position AP, output-torque command value 
Td* is set up beforehand, respectively, and if the accelerator pedal position AP is read, the value of 
output-torque command value Td* set up corresponding to the accelerator pedal position AP will be 
drawn. 

[0038] Next, processing which searches for the energy Pd which should be outputted from a driving 
shaft 22 by count (Pd=Td*xNd) from drawn output-torque (torque of driving shaft 22) command 
Td* and the rotational frequency Nd of the read driving shaft 22 is performed (step SI 03). And 
based on this output energy Pd searched for, processing which sets up target torque Te* of an engine 

50 and engine target rotational frequency Ne* is performed (step SI 04). Here, since the energy 
which an engine 50 supplies is equal to the product of an engine torque Te and the engine speed Ne 
of an engine 50 when the energy Pd which should be outputted from a driving shaft 22 shall be 
altogether supplied with an engine 50, the relation between target torque Te* of the output energy Pd 
and an engine 50 and target engine-speed Ne* becomes Pd=Te*xNe*. However, the combination of 
target torque Te* of an engine 50 which satisfies this relation, and target rotational frequency Ne* 
exists innumerably. So, in this example, the combination of target torque Te* of an engine 50 and 
target rotational frequency Ne* is set up so that an engine 50 may operate in the condition that 
effectiveness is high as much as possible. 

[0039] Next, based on set-up target torque Te*, processing which sets up torque command value Tc* 
of the clutch motor 30 is performed (step SI 06). the engine speed Ne of an engine 50 is made to 
become about 1 law — being alike — what is necessary is making torque of the clutch motor 30 equal 
to the torque of an engine 50, and making it just balance it So, torque command value Tc* of the 
clutch motor 30 is set up here so that it may become equal to target torque Te* of an engine 50. 
[0040] In this way, after setting up clutch motor torque command value Tc* (step SI 06), control 
(step SI 08) of the clutch motor 30, control (step SI 10) of the assistant motor 40, and control (step 

51 1 1) of an engine 50 are performed. In addition, on account of illustration, although control of the 
clutch motor 30, control of the assistant motor 40, and control of an engine 50 were indicated as a 
separate step, these control is performed synthetically in fact. For example, while control CPU 90 
performs control of the clutch motor 30 and the assistant motor 40 to coincidence using interruption 
processing, directions are transmitted to EFIECU70 by communication link, and EFIECU70 is made 
to also perform control of an engine 50 to coincidence. 
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[0041] Control (step SI 08 of drawing 5 ) of the clutch motor 30 is made by clutch motor control 
processing illustrated to drawing 6 . As for control CPU 90, activation of this processing performs 
first processing into which it reads from a resolver 48 in angle-of-rotation thetad of a driving shaft 22 
(step SI 12). Next, angle-of-rotation thetae of the crankshaft 56 of an engine 50 is inputted from a 
resolver 39 (step SI 14), and processing which asks for thetae whenever [ angular relation / of both 
shafts ] is performed (step SI 16). That is, theta c=theta e-theta d is calculated. 
[0042] Next, processing which detects the currents Iuc and Ivc which are flowing to U phase and V 
phase of the three phase coil 36 of the clutch motor 30 with the current detectors 95 and 96 is 
performed (step SI 18). Although the current is flowing to the three phase of U, V, and W, since the 
total is zero, it is sufficient if the current which flows to two phases is measured. In this way, 
coordinate transformation (three phase -2 phase-number conversion) is performed using the current 
of the obtained three phase (step S120). Coordinate transformation is changing into the current value 
of d shaft of the synchronous motor of a permanent-magnet type, and q shaft, and is performed by 
calculating a degree type (1). 
[0043] 
[Equation 1] 



Idc 
Iqc 



1 -sin (Ac -120) sin 9c If Iuc 1 ... (I) 

J L -cos(9c-120) cosSc Jl- Ivc * 



[0044] Coordinate transformation is performed in the synchronous motor of a permanent-magnet 

type here because it is an amount with the current of d shaft and q shaft essential when controlling 

torque. It is also possible to control from the first with a three phase. Next, after changing into a 

biaxial current value, processing which asks for current command value Idc* of each shaft searched 

for from torque command value Tc* in the clutch motor 30, Iqc*, the currents Idc and Iqc that 

actually flowed on each shaft, and deflection, and calculates the electrical-potential-difference 

command values Vdc and Vqc of each shaft is performed (step SI 22). That is, the following 

formulas (2) are calculated first and then a degree type (3) is calculated. 

[0045] 

[Equation 2] 
Aide = idc* - Idc 

Alqc - Iqc* - Iqc • • ■ (2) 
[0046] 

[Equation 3] 

Vdc = Kpl • Aide + XKil • Aide 

Vqc = Kp2- Alqc + 2KJ2- Alqc (3) 

[0047] Here, Kp 1 and 2 and Ki 1 and 2 are multipliers respectively. These multipliers are adjusted 
so that the property of the motor to apply may be suited. 

[0048] Here, the electrical-potential-difference command values Vdc and Vqc are calculated from 
the part (the 1st term of the upper type (3) right-hand side) proportional to deflection **I with 
current command value I*, and an accumulated part (the 2nd term of the right-hand side) of the past 
of i batch of deflection **I. Then, coordinate transformation (two phase -3 phase-number 
conversion) equivalent to the inverse transformation of the conversion which performed the 
electrical-potential-difference command value calculated in this way at step SI 42 is performed (step 
SI 24), and processing which asks for the electrical potential differences Vuc, Vvc, and Vwc actually 
impressed to the three phase coil 36 is performed. It asks for each electrical potential difference by 
the degree type (4). 
[0049] 



[Equation 



cos Gc -sin 6c 



Irvdci 

cos (6c - 120) -sin <9c - 120) JL V <F J 



Vwc = -Vuc - Vvc (4) 
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[0050] Since actual armature-voltage control is made by the transistor Trl of the 1st drive circuit 91 
thru/or the on-off time amount of Tr6 3 it carries out PWM control of each transistor Trl thru/or the 
ON time amount of Tr6 so that it may become each electrical-potential-difference command value 
calculated by the formula (4) (step SI 26). 

[0051] Next, the torque control (step SI 10 of drawing 5 ) by the assistant motor 40 is explained 
based on the assistant motor control processing illustrated to drawing 7 and drawing 8 . In assistant 
motor control processing, control CPU 90 performs processing which reads the rotational frequency 
Nd of a driving shaft 22 first (step S 131). It can ask for the engine speed of a driving shaft 22 from 
angle-of-rotation thetad of the driving shaft 22 read from the resolver 48. Next, processing which 
reads the rotational frequency Ne of an engine 50 is performed (step SI 32). It can also ask for the 
engine speed Ne of an engine 50 from angle-of-rotation thetae of the crankshaft 56 read from the 
resolver 39, and it can also carry out direct detection also by the engine-speed sensor 76 prepared for 
the distributor 60. When using the rotational frequency sensor 76, the information on a rotational 
frequency Ne will be received from EFIECU70 connected to the rotational frequency sensor 76 by 
communication link. 

[0052] Then, processing which searches for the engine-speed difference Nc of both shafts by count 
(Nc=Ne-Nd) is performed from the engine speed Nd of the read driving shaft 22, and the engine 
speed Ne of an engine 50 (step S133). Next, processing which calculates the power generated by the 
clutch motor 30 side is performed (step SI 34). That is, the power (energy) Pc revived is calculated as 
Pc=KscxNcxTc. Tc is the actual torque in the clutch motor 30 here, and since Nc is a rotational 
frequency difference, NcxTc is equivalent to searching for the energy equivalent to the field Gl in 
drawing 4 . Ksc is the effectiveness of a generation of electrical energy (regeneration) of the clutch 
motor 30. 

[0053] Then, torque command value Ta* given by the assistant motor 40 is calculated as 
Ta*=ksaxPc/Nd (step SI 35). In addition, ksa is the effectiveness of assistant motor 40 self. It judges 
whether it is over maximum torque Tamax which torque command value Ta* for which it asked can 
give by the assistant motor 40 (step SI 36), and when having exceeded, processing restricted to 
maximum is performed (step SI 38). 

[0054] Next, processing (step SI 42) which detects angle-of-rotation thetad of a driving shaft 22 
using a resolver 48 (step SI 40), and detects each phase current of the assistant motor 40 using the 
current detectors 97 and 98 further is performed. Then, as shown in drawing 8 , the operation of 
coordinate transformation (step SI 44) and the electrical-potential-difference command values Vda 
and Vqa is performed like the clutch motor 30 (step SI 46), backseat label conversion (step SI 48) of 
an electrical-potential-difference command value is performed further, the transistor Trll of the 2nd 
drive circuit 92 of the assistant motor 40 thru/or the on-off control time amount of Trl 6 are found, 
and PWM control is performed (step SI 50). These processings are completely the same as that of 
what was performed about the clutch motor 30. 

[0055] Next, control (step SI 1 1) of an engine 50 is explained. Torque Te and a rotational frequency 
Ne are controlled so that an engine 50 will be in a steady operation condition on the operation point 
of target torque Te* set up in step SI 04 of drawing 5 , and target rotational frequency Ne*. In fact, 
directions are transmitted to EFIECU70 by communication link from control CPU 90, and fuel oil 
consumption and throttle-valve opening are fluctuated, and it adjusts gradually so that the torque of 
an engine 50 may become target torque Te* and a rotational frequency may become target rotational 
frequency Ne*. 

[0056] The power revived by the clutch motor 30 by the above processing in proportion to the 
deflection of the engine speed of the crankshaft 56 of the torque 50 changed into power by the clutch 
motor 30 at the predetermined effectiveness Ksc, i.e., an engine, and the engine speed of the inner 
rotor 34 of the clutch motor 30 can give as torque a driving shaft 22 in the assistant motor 40. The 
torque which the assistant motor 40 gives to a driving shaft 22 is in agreement with the torque 
changed into power by the clutch motor 30. Consequently, in drawing 4 , the energy of a field Gl 
can be moved to a field G2, and torque conversion can be performed. 

[0057] The torque control of various patterns, such as a high torque control by the discharge from a 
dc-battery 94, and a torque control incorporating the charge and discharge of a dc-battery 94, a 
torque control only by the power from a dc-battery 94, is made on the basis of the torque control 
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which mentioned the transmission 20 of an example above. 

[0058] For example, the high torque control by the discharge from a dc-battery 94 is performed to 
obtain the output beyond the output from an engine 50. In this control, an outputted part from a dc- 
battery 94 is added to torque command value Ta* called for at step SI 35 of drawing 7 , new torque 
command value Ta* is set as it, and processing after step SI 36 is performed to it using this torque 
command value Ta*. 

[0059] Moreover, when the remaining capacity BRM of a dc-battery 94 becomes below the charge 
starting value BL set up as a value which needs charge beforehand, charge control of the torque 
controls incorporating the charge and discharge of a dc-battery 94 is performed. In addition to the 
output energy Pd which searched for the charge energy Pbi required for charge of a dc-battery 94 at 
step SI 03 of drawing 5 in this control, the new output energy Pd is set up. While performing 
processing after step SI 04 using this output energy Pd Subtract the charge energy Pbi from the 
clutch power Pc found at step SI 34 of the assistant motor control of drawing 7 , and the new clutch 
power Pc is set up. By performing processing after step SI 35 using this clutch power Pc, the charge 
energy Pbi is found out and a dc-battery 94 is charged. When it becomes beyond the discharge- 
starting value BH set up as a value for which the remaining capacity BRM of a dc-battery 94 needs 
discharge beforehand, controlling the discharge of the torque controls incorporating the charge and 
discharge of a dc-battery 94 is performed. In this control, subtract from the output energy Pd which 
asked for the spark discharge energy Pbo from a dc-battery 94 at step SI 03 of drawin g 5 , and the 
new output energy Pd is set up. While performing processing after step SI 04 using this output 
energy Pd By adding spark discharge energy Pbo to the clutch power Pc found at step SI 34 of the 
assistant motor control of drawing 7 , setting up the new clutch power Pc, and performing processing 
after step SI 35 using this clutch power Pc The power which is equivalent to spark discharge energy 
Pbo from a dc-battery 94 is discharged. 

[0060] Moreover, when the remaining capacity BRM of a dc-battery 94 wants to be enough, to 
suspend operation of an engine 50 and to drive a car only with the power from a dc-battery 94, a 
torque control manipulation routine is performed as a torque control only by the power from a dc- 
battery 94 at the time of the engine shutdown illustrated to drawing 9 . 

[0061] As for control CPU 90, activation of this routine reads the accelerator pedal position AP from 
the accelerator pedal position sensor 65 first (step SI 60). Processing which derives output-torque 
command value Td* according to the read accelerator pedal position AP is performed (step SI 62). 
Next, running torque TST is set to torque command value Tc* of the clutch motor 30 (step SI 64). 
This running torque TST is torque required to rotate the crankshaft 56 of the engine 50 which has 
suspended operation at a predetermined rotational frequency. Thus, by setting running torque TST as 
torque command value Tc* of the clutch motor 30, even if operation of an engine 50 has stopped, 
auxiliary machinery can be driven. In addition, running torque TST (predetermined engine speed of a 
crankshaft 56) becomes settled with power required for operation of the cooling pump 104 connected 
to the property of an engine 50, or crankshaft 56B by direct or the belt 102, and the auxiliary 
machinery of P/S pump 106 grade. In order to make consumption energy in an engine 50 small, he 
does not perform inhalation of air and exhaust air between this control by making normally closed 
the valve of the inspired air flow path of an engine 50, and an exhaust side, but is trying to offset the 
energy at the time of compression, and the energy at the time of expansion in the example. 
[0062] Then, it asks for torque command value Ta* of the assistant motor 40 by the formula of 
Ta*=Td*+TST (step SI 66), it judges whether it is over maximum torque Tamax which torque 
command value Ta* for which it asked can give by the assistant motor 40 (step SI 68), and when 
having exceeded, processing restricted to maximum is performed (step SI 70). 

[0063] And control (step SI 72) of the clutch motor 30, control (step SI 74) of the assistant motor 40, 
and control (step SI 76) of an engine 50 are performed using the torque command value set up, 
respectively. Control of the clutch motor 30 is performed by the same processing as the clutch motor 
control shown in drawing 6 . Here, since the running torque TST set as torque command value Tc* at 
step SI 64 of a torque control manipulation routine at the time of the engine shutdown of drawing 9 
serves as torque command value Tc* and the reverse sense which are set up by the control (basic 
torque control) which transmits the output of the above-mentioned engine 50 to a driving shaft 22, it 
serves as a value of**** which makes forward the sense which transmits the output of an engine 50 
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to a driving shaft 22. Therefore, in the clutch motor control of drawing 6 , an electrical-potential- 
difference command will calculate using torque command value Tc* of a negative value. 
[0064] Control (step SI 74) of the assistant motor 40 processes processing (steps S140-S150) shown 
in drawing 8 of the assistant motor control shown in drawing 7 and drawing 8 which are performed 
by the torque control of an above-mentioned base. Since this has set up torque command value Ta* 
at steps S166-S170 of a torque control manipulation routine at the time of an engine shutdown, it is 
because what is necessary is to perform only processing after a setup. 

[0065] In engine control (step SI 76), while maintaining the condition of having suspended operation 
of an engine 50, as mentioned above, let the valve of an inspired air flow path and an exhaust side be 
normally closed irrespective of rotation of a crankshaft 56. 

[0066] According to the transmission 20 of an example explained above, since a crankshaft 56 is 
rotated even if it suspends operation of an engine 50, the cooling pump 104 linked to crankshaft 56B 
and the auxiliary machinery of P/S pump 106 grade can be driven. And since the running torque TST 
used for making output-torque command value Td* rotate a crankshaft 56 at a predetermined 
rotational frequency is added and it considers as torque command value Ta* of the assistant motor 
40, an operator does not sense the fall of the torque by rotating a crankshaft 56, and can be taken as 
the torque according to the amount of treading in of an accelerator pedal 64. Furthermore, while 
having suspended operation of an engine 50, energy expenditure in an engine 50 can be made small 
by making close the valve of the inspired air flow path of an engine 50, and an exhaust side. 
[0067] In addition, although the running torque TST required for a crankshaft 56 to rotate at a 
predetermined engine speed to torque command value Tc* of the clutch motor 30 is set and running 
torque is made to act on a crankshaft 56 by the clutch motor 30 in the transmission 20 of an example, 
it is good also as what carries out feedback control of the torque Tc of the clutch motor 30 so that the 
engine speed Ne of the crankshaft 56 of an engine 50 may be detected and this engine speed Ne may 
turn into a predetermined engine speed. In this case, a setup of the running torque TST as a 
predetermined value will not be performed to torque command value Tc* of the clutch motor 30, but 
variation **Tc of the torque computed by multiplying the deflection of a predetermined rotational 
frequency and a rotational frequency Ne by control gain will be added to the last torque command 
value Tc*, and new torque command value Tc* will be set up. 

[0068] Moreover, although running torque TST was added at the time of a halt of an engine 50 and 
output-torque command value Td* was asked for torque command value Ta* of the assistant motor 
40 in the transmission 20 of an example at it, it does not interfere as what sets up output-torque 
command value Td* as torque command value Ta* as it is, and a thing which applies to output- 
torque command value Td* torque value which is different in running torque TST, and is made into 
torque command value Ta*. 

[0069] It shall open and close with what is made open [ both ], and rotation of a crankshaft 56, and 
although the valve of the inspired air flow path of an engine 50 and an exhaust side was made close 
in the transmission 20 of an example while performing the torque control at the time of a halt of an 
engine 50, there is no potato inconvenience. With the configuration made open [ both ], since neither 
compression nor expansion is performed, pulsation of torque can be reduced. 
[0070] Next, transmission 20B of the 2nd example of this invention is explained. Drawing 10 is a 
block diagram which illustrates the outline of the configuration of transmission 20B of the 2nd 
example. Transmission 20B of the 2nd example is carrying out the same configuration as the 
configuration of the transmission 20 of the 1st example except for the point that assistant motor 40B 
is attached in the crankshaft 56 between an engine 50 and clutch motor 30B so that it may illustrate. 
Therefore, the sign same about the same configuration as the transmission 20 of the 1st example is 
attached among the configurations of transmission 20B of the 2nd example, and the explanation is 
omitted. In addition, unless it shows clearly, the sign used on the occasion of explanation of the 1st 
example is used in the semantics same as it is. 

[0071] In transmission 20B of the 2nd example, it operates as follows. Now, an engine 50 
presupposes that it is operating on the operation point of Torque Te and a rotational frequency Ne. If 
Torque Ta is added to a crankshaft 56 by the assistant motor 40 attached in the crankshaft 56, the 
torque of Te+Ta will act on a crankshaft 56. Then, if the torque Tc of clutch motor 30B is controlled 
as Te+Ta, this torque Tc (Te+Ta) will be transmitted to a driving shaft 22. At this time, by clutch 
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motor 30B, since the power based on the deflection of the rotational frequency Ne of an engine 50 
and the rotational frequency Nd of a driving shaft 22 is revived, if this regeneration power is 
supplied to the gloss drive circuit 92 through power-source Rhine PI and P2, assistant motor 40B 
will be driven with this regeneration power. Therefore, if the torque Ta of assistant motor 40B is set 
as the value which can be exactly covered with the power revived by clutch motor 30B, torque 
conversion of the output from an engine 50 can be freely carried out within limits of which the 
relation of TexNe=TcxNd consists. In addition, since above-mentioned relation is in an ideal 
condition in case effectiveness is 100%, the direction of TcxNd becomes small a little in fact. Such 
control is specifically made by torque control processing illustrated to drawing 1 1 . 
[0072] If this torque control processing is performed, control CPU 90 will first perform step S200 
which is step SI 00 of drawing 5 thru/or the same processing as SI 04 thru/or S208. namely, — while 
reading the engine speed Nd of a driving shaft 22, and the accelerator pedal position AP (steps S200 
and S202), asking for output-torque command value Td* according to the read accelerator pedal 
position AP (step S204) and calculating the energy Pd which should be outputted from a driving 
shaft 22 from output-torque command value Td* for which it asked, and the engine speed Nd of the 
read driving shaft 22 (step S206). Processing which sets up target torque Te* of an engine 50 and 
target rotational frequency Ne* is performed (step S208). 

[0073] And it is torque command value Ta* of assistant motor 40B Ta*=Kscx (Td*-Te*) 

It calculates by carrying out (step S210), and asks for torque command value Tc* of clutch motor 

30B as Tc*=Te*+Ta* (step S212). 

[0074] In this way, control (step S214) of clutch motor 30B, control (step S216) of assistant motor 
40B, and control (step S217) of an engine 50 are performed using each calculated command value. 
In addition, the clutch motor control of drawing 6 and the control of the assistant motor 40 of step 
S216 of control of the clutch motor 30 of step S214 are the same as the engine control which 
explained the processing after step SI 40, and control of the engine 50 of step S217 in the 1st 
example respectively among processings of drawing 7 and the assistant motor control of drawing 8 . 
Therefore, detailed explanation of these control is omitted. 

[0075] The torque control of various patterns, such as a high torque control according to the 
discharge from a dc-battery 94 on the basis of this torque control also in transmission 20B of such 
2nd example, and a torque control incorporating the charge and discharge of a dc-battery 94, a torque 
control only by the power from a dc-battery 94, is made. An engine 50 is suspended to below and the 
torque control at the time of driving a car only with the power from a dc-battery 94 is explained to it 
based on a torque control manipulation routine at the time of the engine shutdown illustrated to 
drawing 12 . 

[0076] If this routine is performed, first, control CPU 90 will read the accelerator pedal position AP 
from the accelerator pedal position sensor 65 (step S220), and will derive output-torque command 
value Td* according to the read accelerator pedal position AP (step S222). Next, running torque TST 
is added to output-torque command value Td*, it judges whether it is over maximum torque Tamax 
which torque command value Ta* which set up and (step S224) set up torque command value Ta* of 
assistant motor 40B can give by assistant motor 40B (step S226), and when having exceeded, 
processing restricted to maximum is performed (step S228). Then, running torque TST is subtracted 
from torque command value Ta* of assistant motor 40B, and torque command value Tc* of clutch 
motor 30B is set up (step S230). Therefore, when torque command value Ta* is not over maximum 
torque Tamax at step S226, output-torque command value Td* will be set as torque command value 
Tc*. 

[0077] And control (step S232) of clutch motor 30B, control (step S234) of assistant motor 40B, and 
control (step S236) of an engine 50 are performed using the torque command value set up, 
respectively. Since control of clutch motor 30B, control of assistant motor 40B, and control of an 
engine 50 are the same as that of steps SI 72, SI 74, and SI 76 of a torque control manipulation 
routine at the time of the engine shutdown of the 1 st example, the explanation is omitted. 
[0078] Although the rotational frequency of the crankshaft 56 of the engine 50 which has suspended 
operation by giving torque deflection (running torque TST) to torque command value Tc* of clutch 
motor 30B and torque command value Ta* of assistant motor 40B, and controlling each motor here 
rises Since the cooling pump 104 and the auxiliary machinery of P/S pump 106 grade are directly 
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connected to crankshaft 56B by the belt 102, a crankshaft 56 It will rotate at the rotational frequency 
to which the energy corresponding to running torque TST becomes equal to the energy which added 
the energy consumed by the piston action of an engine 50, and the energy consumed by the drive of 
auxiliary machinery. 

[0079] According to transmission 20B of the 2nd example explained above, since a crankshaft 56 is 
rotated even if it suspends operation of an engine 50, the cooling pump 104 linked to crankshaft 56B 
and the auxiliary machinery of P/S pump 106 grade can be driven. And the running torque TST used 
for making output- torque command value Td* rotate a crankshaft 56 at a predetermined rotational 
frequency is added, and it considers as torque command value Ta* of assistant motor 40B, and since 
output-torque command value Td* is set as torque command value Tc*, an operator does not sense 
the fall of the torque by rotating a crankshaft 56, and can usually be taken as the torque according to 
the amount of treading in of an accelerator pedal 64. Furthermore, while having suspended operation 
of an engine 50, energy expenditure in an engine 50 can be made small by making close the valve of 
the inspired air flow path of an engine 50, and an exhaust side. 

[0080] In transmission 20B of the 2nd example, although assistant motor 40B was attached in the 
crankshaft 56 between an engine 50 and clutch motor 30B, it is good also as what extends and 
attaches a crankshaft 56 like transmission 20C illustrated to drawing 1313 so that face to face may be 
stood against clutch motor 30C on both sides of an engine 50 in assistant motor 40C. In addition, the 
cooling pump 104 and the auxiliary machinery of P/S pump 106 grade should just attach it in this in 
this case, extending further and using the crankshaft 56 which extended as crankshaft 56B. 
[0081] As mentioned above, although the gestalt of operation of this invention was explained, as for 
this invention, it is needless to say that it can carry out with the gestalt which becomes various within 
limits which are not limited to the gestalt of such operation at all, and do not deviate from the 
summary of this invention. 

[0082] For example, when the transmission 20 shown in drawing 1 is applied to a four-wheel drive 
car (4 WD), it becomes as [ show / in drawing 14 ]. With the configuration shown in drawing 14 , the 
assistant motor 40 mechanically combined with the driving shaft 22 is separated from a driving shaft 
22, it arranges independently in the rear wheel section of a car, and the driving wheels 27 and 29 of 
the rear wheel section are driven by this assistant motor 40. On the other hand, it is combined with 
the differential gear 24 through the gear 23, and the tip of a driving shaft 22 drives the driving 
wheels 26 and 28 of the front- wheel section with this driving shaft 22. It is possible to realize the 1st 
example mentioned above under such a configuration. 

[0083] In this case, while a drive cancels association with a driving shaft 22 and a differential gear 
24 for that of the car only in the power from a dc-battery 94 by the gear 23 and using wheels 26 and 
28 as a front idler, it carries out by making driving wheels 27 and 29 drive by the assistant motor 40. 
And a driving shaft 22 is made into a lock condition according to the lock device 108 which makes a 
driving shaft 22 a lock condition, running torque TST is set as torque command value Tc* of the 
clutch motor 30, and a crankshaft 56 is rotated. In this case, since it dissociates from the driving shaft 
22, the assistant motor 40 does not need to change torque command value Ta* of the assistant motor 
40 corresponding to an operation of the running torque TST from the clutch motor 30. 
[0084] By the way, although the gasoline engine operated with a gasoline as an engine 50 was used 
in each example mentioned above, various kinds of internal combustion, such as a diesel power 
plant, a turbine engine, and a jet engine, or an external combustion engine can also be used. 
[0085] Moreover, in the example, although PM form (permanent magnet form-ermanent Magnet 
type) synchronous motor was used as the clutch motor 30 and an assistant motor 40, if regeneration 
actuation and a powering movement are made to perform, VR form (adjustable reluctance form; 
Variable Reluctance type) synchronous motor, a vernier motor, a direct current motor, an induction 
motor, a superconducting motor, a step motor, etc. can also be used. 

[0086] Furthermore, in the example, although the rotation transformer 38 was used as a means of 
communication of the power to the clutch motor 30, slip ring-brush contact, slip ring-mercury 
contact, or semi-conductor coupling of magnetic energy can also be used. 

[0087] Or in the example, although the transistor inverter was used as 1st and 2nd drive circuits 91 
and 92, an IGBT (insulated-gate bipolar mode transistor; Insulated Gate Bipolar mode Transistor) 
inverter, a thyristor inverter, an electrical-potential-difference PWM (pulse-width-modulation-ulse 
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Width Modulation) inverter, a square wave inverter (an electrical-potential-difference form inverter, 
current form inverter), a resonance inverter, etc. can also be used. 

[0088] Moreover, as a dc-battery 94, although Pb dc-battery, a NiMH dc-battery, Li dc-battery, etc. 
can be used, it can replace with a dc-battery 94 and a capacitor can also be used. 
[0089] Although each above example explained the case where a transmission was carried in a car, 
this invention is not limited to this and, in addition to this, can also be carried [ means of 
transportation, such as a vessel and an aircraft, and ] in various industrial machines etc. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the outline configuration of the transmission 20 as the 
1st example of this invention. 

[Drawing 2] It is the sectional view showing the structure of the clutch motor 30 which constitutes 
the transmission 20 of drawing 1 , and the assistant motor 40. 

[Drawing 3] It is the block diagram showing the outline configuration containing the engine 50 of 
the car incorporating the transmission 20 of drawing 1 . 

[Drawing 4] It is a graph for explaining the principle of operation of a transmission 20. 

[Drawing 5] It is the flow chart which shows an example of the torque control processing performed 

by the control device 80. 

[Drawing 6] It is the flow chart which illustrates fundamental processing of control of the clutch 
motor 30 performed by the control device 80. 

[Drawing 7] It is the flow chart which illustrates a part for the first portion of fundamental 
processing of control of the assistant motor 40 performed by the control unit 80. 
[Drawing 8] It is the flow chart which illustrates the second half part of fundamental processing of 
control of the assistant motor 40 performed by the control unit 80. 

[Drawing 9] It is the flow chart which illustrates a torque control manipulation routine at the time of 
the engine shutdown performed by the control device 80. 

[Drawing 10] It is the block diagram showing the outline configuration of transmission 20B of the 
2nd example. 

[Drawing 11] It is the flow chart which shows an example of the torque control processing 
performed by the control device 80 of the 2nd example. 

[Drawing 12] It is the flow chart which illustrates a torque control manipulation routine at the time 

of the engine shutdown performed by the control device 80 of the 2nd example. 

[Drawing 13] It is the block diagram which illustrates the outline of the configuration of 

transmission 20C which is the modification of transmission 20B of the 2nd example. 

[Drawing 14] It is the block diagram showing the configuration at the time of applying the 

transmission 20 of the example shown in drawing 1 to a four-wheel drive car. 

[Description of Notations] 

20 — Transmission 

20B — Transmission 

20C — Transmission 

22 - Driving shaft 

23 - Gear 

24 — Differential gear 

26 28 — Driving wheel 

27 29 — Driving wheel 
30 -- Clutch motor 
30B Clutch motor 
30C - Clutch motor 
32 — Outer rotor 

34 — Inner rotor 
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35 — Permanent magnet 

36 — Three phase coil 
37A, 37B - Bearing 

38 — Rotation transformer 
38 A — Primary winding 
38B — Secondary winding 

39 — Resolver 

40 — Assistant motor 
40B — Assistant motor 
40C — Assistant motor 

42 -- Rota 

43 - Stator 

44 — Three phase coil 

45 -- Case 

46 — Permanent magnet 

48 — Resolver 

49 — Bearing 

50 ~ Engine 

51 — Fuel injection valve 

52 — Combustion chamber 
54 -- Piston 

56 — Crankshaft 
56B -- Crankshaft 

57 - Wheel 

58 — Ignitor 

59a — Press fit pin 
59b - Screw 
60 ~ Distributor 
62 — Ignition plug 

64 — Accelerator pedal 

65 ~ Accelerator pedal position sensor 

66 — Throttle valve 

67 — Throttle-valve position sensor 

68 -- Actuator 
70 - EFIECU 

72 ~ Inlet-pipe negative pressure sensor 
74 -- Coolant temperature sensor 
76 — Rotational frequency sensor 

78 — Angle-of-rotation sensor 

79 — Starting switch 

80 - Control unit 
82 - Shift lever 

84 — Shift position sensor 
90 - Control CPU 
90 a-RAM 

90 b-ROM 

91 92 - Drive circuit 

94 - Dc-battery 

95 96 - Current detector 
97 98 - Current detector 

99 — Remaining capacity detector 

102 -Belt 

104 — Cooling pump 

106 - P/S pump 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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